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(57) Abstract: 

PROBLEM TO BE SOLVED: To avoid the effect of 
fluctuation in ambient temperature or a power supply 
voltage on a bias voltage of an APD. 

SOLUTION: A reference voltage generating circuit 40 
generates a reference voltage by taking notice of 
setting of a voltage to obtain an optimum amplification 
factor to a terminal 28 and of a temperature gradient of 
a breakdown voltage of an APD 10 and provides a 
reference voltage 43a to an input 31 of a voltage 
comparator 30. A setting circuit 41, provides an output 
of a prescribed voltage 41a to set a voltage at the 
terminal 28 at which an optimum amplification factor is 
obtained from the APD 70 and gives the voltage 41 to an 
adder circuit 43. A temperature compensation circuit 42 
provides an output of a voltage 42a corresponding to a 
temperature gradient of the breakdown voltage of the 
APD 10 to the adder 43. The temperature gradient 
represents a change in the breakdown voltage with 
respect to a change in temperature. The adder circuit 43 
adds the prescribed voltage 41a to the voltage 42a of 
the temperature gradient and gives the sum to the input 
31 of the voltage comparator 30 as a reference voltage 



43a. The voltage comparator 30 obtains a difference 
between the voltage 50a and the reference voltage 43a 
and provides an output of it as a voltage control signal 
30a. 
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(57) BSfi] 

[MJ£] HHSfi ^>«iBltEE^SKl^« T fe ^<£>§5 

C*i*^Fft] BV*II56£EIBS40«\ ttFF28lc**LT 
RiSlt«*«:t#S/'cftOlltE<0»^4:APD 70<D:/l/— <7 

^ElK4Hi, Ja : f28<DltE*APD 70(cW LTflKWtte* 
*»SCt3b' 5 "C s S5liaE*c»^"rSfc«>OBfS<0«E41 
a *:ttl*lU *P«LlHlK43^#ilSo SSffi«lslK42«. 
APD 70£) 7" U- * ^ >H/±^S^ftSf4{- S S ttE42 
a Srffi^U ttl»lHjSS43tC-^A^ 0 C<DSS«»t4. iS 

JSiaES43ti\ P)T^C0MEE41a fciaS«»tcSfca«EE42 
a fc**nWU S^ltEE43a t L T«EJ±««30<DAft 
3HC-§-ASo «EJt«S830tt, HEESOa £:3^HJ±43a 
t(OWE***«)Tcn«:«E»JWfll^30a LT^ 

t5o 
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( 2 ) 

1 

2V Kffl'W 7 X«E»JWl3B&fc:*5^"C\ KIhISS 

Mar v#4*— Y<omj?fi\<Dmtms. 

10 

Bu teas italic a fc « me t: flie»je«E t zmrnm 

tufEmE , -r v 7 * ;!/«Effi»J»fB^tc J:otf 

^' * /UWlcffiffifi* RISE Lf§3£f §C^^tt§ -r 
Jl^mmAm^^^. 8ulE«E*JW«^«:#jiB'r^* 20 

i7^- h^V^- Kffl/^-r7'XftffffiiJ»lH|gSo 

EffiilW (i^- (c JE i; /c HE i c Plffi»j» L tB *T £ «E rJ^ 

K tc Epijp n/W77tEtLT SHiffl L fcH fl S^fr 5 tb 
MS7^7>->i7* I^V*"- Fffl'W7'X®E$ij 

Weissic^t, Kinsstt, 30 
<o mm ic m tz %> he* a ^ *r * urn mmmj± a ¥ 

at* 

fjfEm^C^1IE*Rff^OltEtclS^-r*fc4&OH:S 

«E*a^-r«»s«EtB*¥ai:, 

pif efas«»^ ^/c^iEi: «]E»5feitE i: ^ o &mm 

E*R£U K»MEfcffilEffi^4B : Ffr6«*atli* 
/tLT4^b«. HE t &m L < ft 5 <fc ■? fc: HuiB«E»J 
ffli ^ML, fifllS«E pI fc: *t L T it 3 ttK 
fti|W¥Si:*$*. 40 
ffi!E«E^ia¥©tt, *JEArt«^*ciIWfc«ttsnfc 

a i cot&tfit, mm \ cotmtumcmm^nrcm2<D 
nmt. mm 2 (ommcmm^mtimm&mmm^c^ 

»i«ia5*&*. fissnEasiifflni^kicfcoT, miEh^> 

*»JW L , USE* 1 OffiK t»2 OfiSt k <DM©«ttjS 
^effltEa^M^O«E*ffi0m-rci;«:«Fai:-r* 
7^7>'>x7* h^V*— h7fl>W7'X«E»JW0 
S8o 50 



nmW- 1 1- 2 0 5 2 4 9 
2 

CW*«3] HRjfcBl $fc«2£EROIslKfc:fc^ 
T, «HBJt«*J«l¥S*4, «EJ:b«Stcj;oTSufB»* 
■EkfnEffl^^fcRjesnTi^SWEkftJtlSLW 

Kffl>W7X«E»J»EIB&o 

cw*3H 4 ] ens A^fflStWE^m 

EfMMMfclC t fc«E*c rT«*]W L tB^J *T S *E*I£ 

*a*«*. Km^tE*7^7>->x7t h^*- 

^n7A5>'>x7* h£V*- Kffl/WTXMEffiiJ 

»*fto\ Htfiaa**^FoitE*m^o«Etcgs^-r* 

a*«EW6¥Si:, 

^rPio»««E<DiBS««4k: MS fc § tt^^r^l 
HfifeOltJ|l«E*iSSL, KiMEtllEiaftiliff* 

6 fi teas 1 ^fi^^/r Lm5ns«Efci^L<4 

« J: -5 fc«JIE«E»J»«^*a£aL, MIS«E^TK¥a 
Jc»bT^*Jt«*JW*at*^trci:«:W«fc-r-5 
7;^>^x7t h^-Y^- Kffl/WrxHEWJWlal 

^mEis^a^, 

mess 1 coffiKtc^^n?i^oA^«^sfj^fT9/c 

Ci*»ltt«7^7^>x7* h^V^- Kffl^-f 
rxmEMfflllelSSo 
[W**6] Hf^4 *fctt5JClS«8<OlllKtCfcl/^ 

BulES 1 oa*t*c»JKSn. 5ISii*«8KO»J»«:ff a 

ism2coh^>>> , x^^^^n, 9i«i&»«%oinB 

^rfT -5 SR 2 CO oi^a*x t 

fflffi*2tOW*affi^atltffl*»l»LT5l*5i*« 

sit^sijiair-sc k*»ai:n7/^7>'>x7* h^v 

Hffl^>T7X«E»)Wlsiaio 

8t*iS4, 5Sfctt6*cE«OlillS*cte 

m2coam^, K»2©a*i4:a[y>jfc:»«*tifcW3o 



3 

mint, mm 3 comAi^m^ ri, mmi±mmm j %ic 

U fiijfEJ^ 2 officii:* 3 ©ffiffii:OMO«ttjSfr 

8 ] 4 , 5 $ fcfct 6 tcE«<OHI]iglc;fc 

x ^ * ;l/ WSffiin¥S*&# , fuESE huE 
tc cfc o T , tuf E-r ^ * ;l/ pISS4n:¥SOffi*tffl[*K^ 

CW*JS 9 ] ft>]<3S 4 L 8 <Di ^ftfrlc EKOHI 
SSicfei^T, WJEJt«*J»¥Stt, SEtt$£g§tc£oT 

HlBlc&^T, iSEIKteJ:, iiuEW^a8?K:ffi«£ftfcn 

tB 1l L , IE a X 37 >r ;U * #S£> ffi ^»E*UiE 7' / * 
HEMffllsIKo 

fjEm^S^^^m' l <Dl6Si*^LTItai«r?l*iitr#J 
HU&fiV, ^EttS^^OIlE^rRffffiOWEtcK^-rs 

BOEttJ^fMS^A^BflliffiS I Offiffi*^LT««t#3l#& 

6fflE* 1 Offiffi*^LT#*&n*«E£#*L<& 
%>&r> Kff]E«E»IW«^*£j£ U MfEUE "T^#I5 
ic « lt^§ IttStS'lffl ¥8 £ * § 7' / ^ > > x 7 * 

MOWS <^ KB* fiW'NOBIfi i: «rfr 5 «S75rffifc*5^ 



3 ) #H8¥ 1 1- 2 0 5 2 4 9 

4 

«r»«u SuEA^is^tcm^oiiaiWE^Ento-r** 

EBMnXfifc. 

fflfEiSfi«*Ht8lE? I #ii»*a^««l<0? I 

±S*. co«J»T«JEta^«EIS3e¥ati:*oTS9E 

v\ iteasmHtc 3 * mm.<D? i * a* *fr a sjsiw 

tuEffi^aEK^StCcfcoT, HuEaj^7«i^O«E«: 

HflEaa^^tcj^ic-rsfiEtciHSi-rsftEiBfixs 

Ct»*ai 2] IfS^iitcEig^atcfc^T, 
20 «Effi*«E»S#att, fflE*l©ffiffifcS«;Sft3l 
> Sii^WjSfiOWWSff -5fc«)OS l ©h7>'^X^t 

fT^ltD^SffiStfcfc-S*. Rifffioi|E*HuE3B l O 
h5>^X*te^*TiMfr£^ 
B9Ea*«EH*xat?tt, iWESt l Ool^ffifix^ffiSi 

E*Bf ^Offltc IS^^T £ c t *W$l tt57^7^->i 
7* h^V^"- Fffl^W7'xmESiJ»lHlSSOiaS>?ffio 
Hf^xRl 3] Wf*SiiSfctti2tcEK07f}£*c*3t^ 
30 T. 

* Htt E» 2 £0 F ^ > i/ x £ tc # ^ T Wlft * ^ 

wiEaa«»na:sxsT*«. we» 2 ORiffia*tossi 
fi^rp^ l 1 # ih&wffi.ttmmir %ct 

7^7^>x7* F^V^- Fffl/^7XtEW0S 
40 C0p^77r£o 

[»*3B14] WMfcglK l2S/-c«l3tcEitt07?ffi^ 

WE«EE^T*¥att, tuEA^ST^cia^Jtclg^^n/c 

#}ESE*JWI^tc«fcoT, WE* 3 CO F^Vv^X^^ 
ffifES 2 (DfiStfe 3 <OffiKtcffltns«8ft*ffllW 
50 WE»2^«tti:*3©ffiffifcOIHIC>»«WS^6S(J 



( 4 ) 

5 

IE! tB t) BS^O «E*fR 0 W ^ C fc * W« i: "T S 7 > *5 
J;otf^ ;UWfcfiffifit*r*TS! LfS5£f S C t tf7 * 

SSH7?ffio 
[ 0 0 0 1 ] 

iStcBBU 7'^7>>'x7* b#V^— FCAPD: Avalan 
che Phototl iode)lc#*.5/ W 7'X*EE<D«jaffiiJW»CBB 

[0 0 0 2] 20 

COAPD ^; «^1|SK(OJt«^ffl«:feor43 

4: L T « i&g^F «T X V & & 0 
[0 0 0 3] S/c:, C<DAPD ©«^««f<D*t"H^ffl 
fi, 5i'&\ tt«*MtCcfc-pT**nTl/^So APD 

icmt s &t mm t & tz ® ic , s-t- v «±©iijs; * 

iIi«/W7^«EEi<Dm*Ctt*»*H«A , *t), fit*. 30 
HflK/^TXmEflDftHt^Ffc LTit«a|Bffl— *7?S4:, 
flliSS*«K!»>3ai:A^So 
[ 0 0 0 4 ] *i»*ffl-je??5£tt, yit-^*- F 
&H#fl]fflLTAPI) ^]SSfL>'W7 , xmE^S^ftLTti 
fi*M*-^t Ltfe<»ffi'Pft5o ^fg^ffi^f]77iC 
(is /£*BHOil>J-?iJf#MSiI(Automatlc Cain Control: A 
GO «r^HJTAPD Oilflft^>f 7X«ffi«:«jl«fc:*J»-r 

[ 0 0 0 5 ] 

CaW*«i*LJ:ai:-rs»ll] LfrLftff6, 40 
(■«»^SO«&tiACC ttMffiO^Xtt^WRiSMtt 
£<0(e«cJ:-pTAPD <D««*aH£«jU fflW»*t«tt 

O/ttflMBECDO =1 * 0&^EifiStH*l«#*:» 

o/co 50 



WHAT 1 1- 2 0 5 2 4 9 
6 

[0 0 0 6] £ £>lc£fc, APD El 2 iCTr.-t&oicm 

frfcCO:7U— *£*>>>«EE«, [*)3tc^-f £3tCAPD 
OJBHiBL**«*ft-r*Ci:k:J:oTt>ajft-r*o COft 

apd *»f£s«s?*.T*tt, ^Hfsa^fttcwr 

«ct*«^*t»*Jt*fl»»c-r*fc«>K:3P1ltk:«Ha 

[0007] z.(D&otectfrh, mmm&£Xi*PW& 

«EEOSS(l#S ott ^OfJI^APD W 7' XftJEtC 
^4^±5ICU APD £fcoT«B&il«*li:'W7' 

WtS7^7^x7th^^F^W7 X«E 

[0 0 0 8] 

&oT, APD OiM^O»«*flEO«*«»tcafc*« 
fl»*£iau «EEBT»¥Sfc:»LT#^*Jt««iJ»¥ 

[0 0 0 9] C(DJ:5fti«*»SCJ:T, S^MEE 
tt, a*«SHFO»3e«E i: Sfi«*«c S fc * k ^ 6 

[0 0 10] «ffiBr«*S«r, Atj^icil^Jic 



( 

7 

[0 0 1 1] *§fg^(DAPD ffl'W7'XmESJ» 

ft-^- jc l: /c sjeic *j mm l&-)itz> me. pis#©* 
t ifififfl] u tu *j e> m^j -r * mss t & o t , m ^ as^ 

fr&S i flDJSSi*^LT1iat*?l*i&€r»]W«rfTi/\ ffi 
W#fri/\ API) <OiM^|6j©B««ffiOfiffi«SI4Jcafc4 

[0 0 12] CO«fe5*««*»0, API) OKtfMftM' 
(C ^ S R£ftE#<0«ffi £ > APD^D y b- * ^ V« 

[0 0 1 3] £6kl2:/c, *«M^ctntf, A^iSHPlC 
#APD ^ntoT&^-f7'XltEk LTMSLttl^ilBf^ 

1 Ofiln«:^Lr»81i*?l*iitr»JW«:flfi/\ APD <OiS2 

y? i«j ««EEo?aft k s * wjk* ? i $ & t* as 
E^m^m^n lt4as it«»iw#fa k ^^oapd 

HEffiiJ W HI ft (c to T , SJSMfB ^011 i: 
i-g ffi*'\<£>WH8 t: «: ?T o A PD ffl / W 7' X «JE WJ» HI SSO 

m t mmmi%m t & rattsisxa t , a^s? 1 
^RfcckoTa^^owflEtm^offltcRje-rsm* 



5 ) WfM¥ 1 1 - 2 0 5 2 49 

8 

3JB*«HRftxafc, m*j«EERft#s*iicfe^T, a 
[0014] c<D^o^mmxm^m^>cfv\ ass 

WSa<ff'5Ci:*^#*<0^ APD tcWrs^-fT'X 
io ^»W**att«^fT3ci:W-i?#*o 
[0 0 15] 

[^B^O^JEO^SI] **c*»MO»5Bft*35liffJ*Blffi 

h^V^-F(APD) ffl/W7 , X^i±$iJ}ai[Hl£§100 cO^Jtn 

APD ffl/^7XmE$UPlslSSl00 tc*5^T, ^liEE^* 
IelKlO»^ iSV^iEfif[®I± (tctz-li. t+Vii) 10a 

^iB^lZ^BHipSnfcitiJKWffilOa «:ftffii:t««30^ 6 
20 a^^ti^*EESf]fflifi^30a tcj: t)T»J£f «K»E«E 
20a tCPlSfflffllLS^tc^Ap-r^o 
[0 0 16] gqs«E38£@B840M\ S^28^WLTS 
fcftOWEOR^tAPD 70tO^U-^^ 
»>>«EOiaS««U:aBLTatp«ffi*5S^L, SEE 
lt««30OA*31»i:J*-r*»*P«E43a ^^-^^o tb^J 
«JER^Ih!K4H±, iffi : F280tlJE«:APD 70(C^LTSiS 

c fc^-essiiJEJcR^rsfcftoBTSo 

mi±41a ^tH^bi]Pg:[Hl£S43tC^-K.^ 0 SlttifllHl^42 

APD 70(D7u-5¥^ynE(OUmqk$\fK (V/ 
30 °C) tcSfcS«ffi42a ^m?lU 6P»lelB43tC^iL5o 

171/-^ e commit? % ^«r«-r t 

TfeSo togmss43ti, tufepiT^o«i±4ia ^tijfsra® 

MM A (V/°C) tc^/c§mi±42a i:^*P^L, S^S 
l±43a fcLT«ffiJttS5S830<DA^3Hc-^^.S o 
[0 0 17] 7y-r*-«0«i, ^P28lc Italic »8!S 
n fc ffiir[5 1 i: . C Offita5 1 tc ffi JIJ tc S«K S ti tc ffi5i5 2 £ 
fr&*Wi£tu ®^20ffiffi(iIll^0S{g^fiS^53(c: 

»«sn, atft5i^a^2to»«j^4(D»Esnfc« 

40 E50a *«EJtK8B30OA^32fc#it*o «:Etb$$§i30 
tt, i!utemi±50a ^tfjf£S^mE43a fcO«ESS**«) 
T. CO«EM^mESiJfHfi^30a £ L T«ff*n£ El K 
20tC-^-^^) o 

[0 0 18] D^7/^X7-<;1/*I1IB60«, ST-28tCil^j 

mm* nfcffifiiGi t , c office i tcigsw^ nfc =j > -r > 
^62 k ^ 6 * 3 > x > mxo mvmmmm \& 

C01S^64A> 6 ^ ^ ffi^mE^V W T XffiEGOa £ 
50 «^l»S*ft*BHF65K:9iftP«ft*o 



( 6 ) 

9 

[0 0 1 9] API) 7014s uffi?65fr6'W7'XlliE60a ft 

ep/jps w w 7 x 2 nft«*t tfenta snsi SjfFm^o 

a *a^L«»«ffi«*«»«lHlB80»c^**o «9Mffi 
£85*1(1 EIK8(H4. APD 7QoymitntfrJQa ^rWE^J&f 

CO 0 2 0] #(c, HI 1 OHIftlOO OBKRBtSo 

B?12«rit4^6Mo tU^JltBERSlHlBMl 

tHJfSn, *pJ(lsIKf43tc#^6n, SJSffidlHlgS 10 

42Tt>API) 700"/ U- * >HffOiafil88lC Sfc* 
HEE42a tfttWlSn, ftPlflHl8843*c#?L6nSo 

[002 i ] hmmm-rete, me.au h«E42a t& 

fiOJSSn, COftP»ltEEtfS*«ffi43a i: LTHEJrb© 
§§30OA^3HC^x &n§ 0 ffi£Ett$5§§30Offi^cr>A^J 
32 tc (-4 *SR-28<D tE ^ 7' \y T" * - £ 50 S n fc MS. 
50a tfA^Sn, »*«JI43a £®Etb$£2n, ^EM 
tf«EffiiJfflIfl#30a i:LTfcB*jSn. ®E*T£[HlS§20tc 
^btlSo 1Iffffi88l§lK2<rC«:, «E#JW«^30a tc 
f£U/cm*jiIr^^ AM 20 

^-28tc en iJP * ftfcift SfiWEtt , o ^ / 7 -r ;b # m^60 
■eStS^KSSSnAPD 70^\^/W7'Xttffi50a k LTiS 

[0 0 2 2] [aJ0$tcS : j'28O11Et4> IT^-r*— *5(n? 
«i*Snfc«BE50a #«Efct«ffi30OA:ft32tc^* £> 
n> fl!J7iOA^73HC-%-x.6nTl/^aip*flE43a £1±$$ 
Sft, «BE«k:i£i:fc«EfWW{i^30a tffcHrtStiJIEE 

oisiHiK20fc#x. snsd coi-sftftBEWiBft^ mi± 

50a ^S^ffiJE43a £&m Ufc&fcS^frbn. ^?b< 

*(O^-SCD«EEBJW«^30a tf^ffiM L THJ± oj 30 

asiHiK2o*c#K.e>ns!ttSo cnwoT, mb^s*^ 

[0 0 2 3] C03cfc-5tc«fi)cLW^*-ti:SCi:tcJ:o 



V § 3 .y £ ^7 a 77 h jugg^ if «r»lW-r £ ftl^Jfc 

W«EE«^lHlBSiO*#IW;U-y^fc:«BA*ci:W-t? 40 
El»£i8t*:/h* < t-&c £tf*imc%;Z>o Teh*. 

£4\ ffi»JBfg&®&l04:LT«, ttiKWlHSSSHiO/jN* 

i ^ Hi % M ft DC/ DC ^y^-^^m-t^ct^m^ 

[0 0 2 4] m 4 £4, APD ffl/W7'X«ESJWl!Bl00A 

(c (4 x y * jiw&&mm*mm ltwe^?z>®$& 50 



f#P*W 1 1 - 2 0 5 2 4 9 
10 

20A %mfcmcmmic7jkLT^z>tc?>-?$>%o -tut) 

22(4, «EElt««30fr6#A6ft*«flE»JlBI«*0a * 

x iP z )vmmm mmza (cfiLT ? *j * ;u oixsk 

0^23^^^ 

[0 0 2 5] ^£/b^MfitalH]E§23^ -r>^/HE 
SiJt»fg-^22a tC^lSbfcfifii«tcK^-r*o fitn2U4, 
SfWffi^ElBlOfreoitatWflElOa -r^*;l/plffi 

t^29lcW1}U?%o ffl?29^0«Et4« I P28tC fe 

m^pj^f sctm^o cto/c <&*s?29ic to ct s 

[0 0 2 6] **3. iSMEf§^lEJ£§10^m-/j^>k: 0 -^ 

[0027] ^^c. m4<D®mook<DW)ft%:mm'?&o 
^^12^/rbT^x.^n. ffiffieijcBiftpsh^o - 

7?, W^MEIS^IlI1^41T^S?280mE^PiT^^fltcR 
^"TS/£:*0«ffi41a tfffl^SnSt, *PglHlKS43tC# 
7L6n, —77. iSSffi«lElSS42T*feAPD 70O^U— 
•>>ftEEOiSfi«»*c^fcS«JE42a ^a^fSti. *P* 
[H5§43^#^^tl§o 
[0 0 2 8] *Pgl°I£S43Ti4, W:E41a t®E42a t^ 

»30OA*31tC-§-A6tlSo ®Etb«gg30tOflJi77^A^I 
32tCtt«^280«ffiW7 r yf L *— ^50TWJf*nfc«E 
50a *«A**tl. »^HE43a t^Ei:b$5$n, tEi 
^SEftiJfflIff^30a ^LTfcB^lSn, ME"T^[h]^20A 

a ^f ? ^^;l/mE$iJ®ff^22a Cic0fl^22 
a tc J: ^ Tf'>" * ;UffifiilHlSl23tf WJSi" ^> SJAffitc gg^ 
Sn, S^ltO^EEm^WEEA^flS^QtcHlftpSn, s 
6 tc C tf)tE^«f 28tc fc fflftp S o flB^F 28tc ep/jp S 

nfcit8i[«ffi« p^U7^;^ mBB07?*ta*^£ * 

n> APD 70'\<D/W7 / Xfl;E60a t IT ^65 tcEn/jP^ 

[0 0 2 9] |pl^^iffi^28^ig}5itBEt4. 7^y-r^-^ 
50T?W**nfc«E50a tf«Ett«ffi30OA^32«-C#* 
6tls fa^<OX*3UC#A6nTl/^4Stp1|E43a fctb 

¥5^n. mEmci&vtcmEM'mm-moa tfamn, 

mE"I^[H]£§20A tc^-^bti^o CCOJ:a^mE-fti"ffl 
ti\ MESOa tmmm.EA3a ttfm Z> £ T'fiffe 

tl. ^b<ft^t, *OWj£©«E»J«lfflra30a 
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LTHEpjac[Hl^20A fril#;tt>nfi!tt£o Cft^£^ 

Han fg^ tc ^ s cfc 3 tc mm £ n s 0 

[0 0 3 0] U±O£5ft®E"T^[H]Sg20A (DmtiZ&U 
&C£T\ HtESU1W«*§30a CQffiffcfcJClJTJfe^fcttfl 
&< x^*;U^ffi«ttIalB23TtSeiffl[*K** C fctft? 

£3 0 LftA^r, uBiooAkLra, firg^Bj-^ttiS 

[0 0 3 1 ] H5ti, APD ffl/N^rxmEESfJffllUSSlOOB 

i ofr 6 co ffi 'h n «titE # en *o s ft s a *j 2 \c &mv\ 20 

'fllU:ffiffi26*<»tt*ft, filiate h 5>^X*2403 

^30a tf4^.6n5o x=^**c«fitri25^»«E*n, 
Sfn25GDtill*m 

O 

[0 0 3 2] »ESHBUI^30a ^ h 5 > ^X*24<D"<— 

xm^&nst, nEM'0m^3Oa o*#Sfc:jsi;T 

Jfitri2K 26*3<fctf25tc8ftnS-'W/<X«flS21a cD{fi£r*iJ 30 
ffl f « o C ft IC «fc o T fitn2 1 £ ffiK26 £ <D M <D»«E/&0 
MS : F29eO«ff«:«EEWW«^30a tf^SSteJCfcTS*. 
SCtmSo Tft^btS, *SM»A430a <D«E*< 

EfcfcW&ftfco £fc, iSStc, «E»JflSHH§30a£>«E 
ft&£, '*-</<X«8lt21a 0*;#**VJn;£ < ft 
0 . »t2 1 tc & § «ffl$Ttf'hS < ft 0 ffi^29comE 
fcfciBKftSo L/c^bt, 4H^29tOI|flE<Offilt«cJCt:T 
Sf28«lEO*^ ?tPi;ci:-3lcf^bni)o 40 
[ 0 0 3 3 ] C CD<£ 3 fcmtEflUlWfll ^30a \c J: o T h 5 
>S/X^24/}VW^X«8K21a C tlcj: o 

Tx «Ett«SI30OX^l32O«E^, A^Hc^&ft 
T i ^ S»«E43a <h^L<ft3J;?tc fgOTT 

[0 0 3 A ] CO/cid, faSffi» J ^«W»ESl!l* , *o 
T , ^"m(0/ ^ T XlIE# gifiJS^ £ f § £ *3 £ 

fe, «EpIKIhI8820B Offififctf, »tn2K 25, 26 h 
5>> ? X*24i:(-cJ:^TfflfiJE*ft«fc«>. ffifl^Kt)^ 50 
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[0 0 3 5] B6S, APD ffl/W7X«E«JWlHlKl00C 

fflbTa*«E^»ste«fco i ?aaffl«o»s*ff 
§ 0 *6ki, wataftstcitt, «EJt«seooA 

*3Uctt, CO*EitR8B30<O«W«E«SH<Dfci:K. 
tf, *M«ffifc:3fc*»*P«E3la ^bn§<]:9 
tc. 3»P«E«flfeEIBB3fr6«^-r*o MEtb$5g§30cO 
fffl^OA^32^«fi8^28tit9J*ca««ftfc7'^-r*-- 
^50A tci-3TttEBT*ftfc«E50a ^X^jSftSo 
L^fe, 777*- ^50A tC^M^^-T^X[H!S§40A ^ 
»Stt*ftTl^* 0 

[0 0 3 6] C<Z>«ffi/W'<X@B40A ti, ^^Sfctg 
SIKSftTl^*7'»yr*— «0A ^e»«fflt*5l#ii^, g 
a*ffi*0*E^afc««fc^^11iK05l#5i*«:fT^ 4: 
APD 70O^U-*y«>>«EOffl«IW»»»cafc 

«8il^W/^X|HlBM0A 6Dtt5^«Eia^lHlSS41A 

a. * : f28o*e*apd mcn^xmrnm^m^n^c 

ffita21 4: 7 y x*— #50A OtgKfS CQ^Eitt ct z> T 
ffi^28COSEf^^tTdo SS*I«IbISS42A APD 70 
(D^ U- * ^ v«EOS*»H» 3 % nWi* 7 y 
x^-^50A SEJ:fcKSg30OA^32OB 

E*is^~r^ck-5tcffffl-r^ 0 

[0 0 3 7] ^tc, H6©ElKlOOCOl(l^*8JiWrSo 
KWEaSEfflBlOfrBlttflil^E^tB^Sft, 1EpI^0 
S§20B Ofitit2nc#*6ftSo SWElHlH33fre>1!E 
tt««30OA*31fc:*Jp«E31a tfX**ft*o tB^« 
EIS^lH]K41A tCj:oT, APD 70tO«iBtifiS|B*C<fc*i!) 

f^**«-ra»3e«E#o««[*^i#i&sft*o 

tc, APD ^^^>«EOiSS««*»<D1i8it«: 

«ej±«883oo A^32 e> / w / ^x-r So 

[0 0 3 8] «EJt«8830Tti, 7"^-r*— ^50A T*« 
EBT*ftfc«E50a ^X^32tc-^^bft, A^j3lfc# 
^BftTl/^S*mE31a i:J±K*ft, P575FO«E*^ 
te*L< ft**t?«E*JW«*30a ^m^l^ftS-T280 
tbl^«E^pI«*JWSft*o -Tftt)^, h^>^X«4 
amESWff^30a tCckoT^>T^<X«a£21a AWW* 
ft^o «aE/W/^XfflOh^>^X*24tCj:oT/W^ 
XSft*«i«i:«*t2l4:<Da(cJ:?)^U4«E»TtcJ: 

o 28<otu^«E*s^ft*r s <£ o tcifft^o 

[0 0 3 9] Sfc, «8S/W;*X[HlSg40A (4, APD 70O 
■a««*tecfc*«if^*^-r*R*«E»0«i«i:. 
APD 70(D^U— ^^^EOSfiffia^^ltaESrltE 
Jt«»30OX^32^6/W/<X-r* * a *cwfp-r*^ 
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Hr^W/^X[HlK§40A tCcfcoT/W^xStiSlfii:. 
7 y x £50A (Dt&ifLM £ fitn2l i: co^JESta £ £>ffl 

[0 0 4 0] fLT, fetalis «86/W/^XIhIK40A 

28£>«BEfci\ «JEEJ:t«8830<OA^32ti:%^e)nr»*P« 
E31a /c^(cJ:oTftS^ti^o uV'*77 4 10 
60(C * o TAPD 70(cmto^n^)/ W7'X^J±<D$t^5c^ 

[004 l ] fc-LhOJ: 3 0 , «iflf*fr5 C i: 

la^r, Baa o 5 to fr t § hm m m 3 * #j i^*r § c 

tb^lSEES^ k APD 7(HDi&ftW1R £ £tT 5 /c*6tc«^28 

LfcOt\ »JEtt«8§30tcfel^Tfg^-rS*7-fey 
[§I5(Cfc^^iJDS(H]!f ! §43tc4o^T^^^^^-tr^ Mc 20 

SIS L T 5££-T 4 WBEKSI*»^-r « c 4: Wffi i: * 
fe\ «EpISIhIK20B «\ III 4 ^WJ±Rrffi|l|gg20A tcft 
[0 0 4 2] B7tt, 0 6 4DAPD ffl' W 7X«EEfflWl§] 

gg i ooco mmm <d m k *s & m*i «je»ss £§4 1 

CCOlltCtol^T, HJ*J*=E»S[elB41A ^280® 

«gg30<DA^32tcA^Snri^li«i«:^>r^X'rSfc 30 
#K1lt8ft«:3l#&^ h^>>?X^412 03 U^£lc3lf? 
3aOo ^— ;UCte»WtEf8£|HlBg41] ^bh7>^X 
^412 %»^*H±S/2:«)0»E^/lPA&nTl/^o x5 

y^KttPisfistgg4i3 n, ««mssogfg 

[0 0 4 3] m^7lIJ±S^lHl^41A tc£oT/W^X2 
nS«i5fi«olSetS*ii8413 tc<fcoTI»£Sft, «sf£>w 

*-*50A Ofiffi(lRL^atn21<h^»ffiSK) fc/W* 

[ 0 0 4 4 ] ttS^«EH^lHlB41A <D«j£*H 7 <D<£ 3 

*£J:-5fc:&*o «EE5J»IhIB20H ^[214cOSEE 

«II£|H|BS20A JcBSSj^-SCfctcfcl^o 
[ 0 0 4 5 ] Hi 8 a , m 6 <£>APD X«£EfM»lsI 
Kl00CO^JffifflOlHl»ffl«^43frtSia*M«leie842A CD 50 
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R(*wa@jai#iric*^i-ia"ea&* os6fuK&#ii) 0 c<o 

HHC*5l>T, r^Sffiffl[H]S42A tt, APD 70O^U-^^ 
14, b^>v ; X^422 <Dr3U**lc®^&i=n£o ^— 

x afflfiHz > -9-421 s nr t > * 0 xsy^ica 

15I£fiSi423 #»«Sn, fi!iifittIiI8S<oafaiH44B : F42 
[0 0 4 6] C 0fiftffifltlE]Bg42A tCctoT^'T^X* 

ns«ata. *r^S£i423 tc^oTpj^n. h^>-^ 

X^422 <D3Ut7*m<Dffifi (77f*- £50A ©Jfitri 
ffiRL 4: «*nE 1 i: WBEJgtfE) fc/W/UlftiOWcJ; 
oT4C**ffi»T#^t«^280«BE*±#*-a:Scfc 

[0047] ceoias-fe>-9-42i a, HHiaac*«tbL 

A cO^St/xfilRL 4: Strt2 1 1 <Dftl±i&.fr0 t. x^^^fti© 
ffilrC (BIS«*t423 fc. x5y*fc^-XfcOHBO»^ 

V is 7s $ 422 ^l/^ fiK t x ^ ^ jg#t ^iaot 

4z>+^42i ^om^mjEosfi^a^os^ffl?28 

[0 0 4 8] f/c, hv>v ? X^422 t U Is ? $ l&frL £ 
X ^ >y jgJt 4: J; 0 Tlg/5E S tt»lslK&lfi#f 'Jt# 

«*iJt#«*nT*?28<DSS«»4: LTSti^o S 6 
tc, b^>> ? X^422 4:3l^^^|gin4:x^*y^ffiJr[4: 
fccfeoT««*n*lt«lilB3Rtttfv>r^XfiJ»*»o 
fflflC-fe>*421 A^«fOa^«EEOffl*«ttttv-< 

i-7mmi%zftT^28<Dumm%t itsnso 

[0 0 4 9] tt±0«fc-5tc, APD 70<oaftffi*4<O»ffi«: 

[HIB20A tltMTWK 

[0 0 5 0] (3 9 tt, APD ffl/WJ'XHEEWJWlHlKlOOD 
OHSISffJOlHlB«lJK"efe0, H7com^mEEIS^l£l£§4l 
A 4S<fcCfH8 0aKMAl§ieS42A *«fflLfcEIBS«** 

^0KlO^6ifi^m^g*a2ncEnftP^n, S^IE 
31a ^«EJ±K«30<OA^l3Hc#7L6nSfc, tB^HE; 
88^08841 A tt, APD 70<Og5StS<g^«:SS^-rsa?S€: 
«ffilt«»30OA*32^6^W^XLT««f«:?l#i& 
Cy 0 «E1±««30«, A^32tc^-^8nTl^7^yf-^ 
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-*5oa ^m^UHHsoa tmmw.E30a ttttmL, m 

[0 0 5 1] S^W^XfflCD h^>> ? X^24, SSt2 
5, 26tt, «ffitfc«S30^6tb^7*nS*ffi#l»«#30a 

(C J: ^ T««i' W/Ul #WJW ?ti§o h5V^« 
4tc<fcoT'W'<XSft*«^4:fiK2i ££>8Nc<koT 
£ i: S HEKTic £ o TST-29, 28<Z>fcH*J«E*r£ffi{fc 
£-£3cfc?tcffijfrrs 0 Sfc. ffi^ffiES£;£lHlEg41A 

a, aim) 7Qom^mi%^W)ttt%ct%mm?%&fe io 

«fl:»Ofltiffi*ltEJ:tRfM0<DA^32^*>6^-Y/^X"r 
Scfc^cifi^TS^ A^3l£A*j32i:<0«EM\ ME 
tt«8§30^tB^|-rS«E»JW«^30a tc<fc oT^tC^L 

{c£oTfa££ft> h^>^X3?412 tonb^lW 
fil (7 -7*- *50A 0>«taffiRLfcffi$rL21 i: O^EE® 

M^V^^X[HlSS40A (CtoW^USn^i 20 
8R^4fa<D«^t±, M¥280ftffi««EEJ*«8mc#a. 
6ftT^SK¥SE31a fcWc <£oTife££ftS 0 
[0 0 5 2] *a£tilifltlslH42A -Pti, API) 70<D7~U-^ 
^^>«EOiajSM»^OIIM*«EEl±iRffl30<OA^32 
ab/v^^Ut§i;9 tcift^-TSft^ A^31 £ Xt)32 

ZtM«lHl^42A tc^^^W^U^n^liM, oJ^fi 
ta423 iCcfcoTPlSJSft* h^>> ? X^422 ^31/^ 
fl"J<Dffitri (7^-7*— *50A <QffiK«RLfc«Ja21<D#ffi 
Sift) i:^-<^x«ati:(0a(cJ:oT4i:*«EEI*T# 30 
/£ttflsi^28©«ffi#±#£H±£ & o tcftff-r^o 

[0 0 5 3] CCT\ rgS-L / >^421 «\ ffi^ttEtCfi 
jKtDfSS^K*^*^ -efe^OT?, h ^>^X*422 
(BfJOfiUt k . X ^ y $ (PijcOfitrC (^ffitfi42 

&t>-6, h^>>>*X£422 i:nb^*ffl!Joa*ti:x5y 
* MOlS*tfc:*c «fc o T«fiJE* ti*«MilslB83Rtt<03pJfll* 
-tfnc0fc§£\ ?SK-t:>-t?-421 ft^Offi^«E©iaS«» 

So 40 
[ 0 0 5 4 ] -\/5\ h 5 > -J 7s $422 t^l<5 ^ffliJOlS 
tri £ x = >y * BilOffiiafc *c J: T«J«* ftSWBIIIBMS 

iAAffiea. 3p|fl»flS*tiT*B^28©WE<OiaK«Rfc L 
taft-So Sfc, b^>v ; X^422 U^^fPjJcOffiK 
^x^7 * ffllJOffiW: 4: £ o TWjSS ft«if«llslKKtt 

[0 0 5 5] W±OJ:^a««i:»f^*C*t>T, 50 
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Eof§5£ <h apd 70<DrSJS*S« i: fcfiimsfr 6 ^IS?: / * 

*y Mc jS B L T 56£-r S L ft ^ «fc 3 f 

7?£S 0 ftfc* mEpI^[HK20B £r[l4CDmE*T^lElS§ 
20A £ t>^\ 

[0056] Hiott, apd m'^7'7nE.mwmmood 

fe^o X7^ySlO Ttt, APD 70CO^"U— ^^^>«E 

tt, ?afiffi«IHK42A tcgf!ft^tr/W^xmSS^:-tfo(c 
■T^o X7^^S30 oI^ffitfL413 tCj:oTS?28 

0«E*3fS©«£Et«:RS'rs 0 X7^y7 c S40 T*C4, ?S 
fi*f§«HI£S42A tc8Kft5itr^>r/^l|8it€:*>tc-r5o 
X7^7°S50 Ttt, PlMgK423 J: 0^«>»J^ LfcAP 
D 70^O7*U— * ^^^SJEOSS<S^«?28CDBE(i: 
^■^^> (SS«»OH^) o X7^^S60 T'tt, pI^S 
K413 tCj:t)iS^650S^«JE«:APD 70OgiStf^^tC 

[0 0 5 7] Hlltt, [g|10^IISX^^I^T^/c^cO 
mSSIBS^iarfcSo X7«y7 c S10 tcfel^T, APD 70 

So ffl^W^OAPD 70lca« : F65fr5it8i£«ffi*en*P'r 
So ££>&C, APD 70tC7^{I^^t'nAP*r So APD 70tcRe 

[0058] ^tc, apd mc?\s— t?#<y>mf±frt>%% 

< a S <h * oepftnSE i: ^ S OWF^R 0 ^^rffl')^ 

WttHO*W*APD70OBnllP«EEi LWim^ff^m 
D$^ir7°n7ht§o o^c s $ b^7tf!^OU-< 

< * fc 4: s (DmrnfEzmmmismz arc§/^7x 
SE^LriSfflf^o 

[0 0 5 9] Hll*#B8bT, #!tC s X7-y7 £ S20 (c4o 
l^TCi. ffi^«EI5^[Hl£g41A (0#(*t?<oa^«BE«:ffi 
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Tli, b5'>> ; X^422 

±t>THIiaSO*<filtfi[426 lCffi&?&£tt>m& 
COfc£^ffi^28<OR^«EE*HVl <hi"^ 0 
CO 0 6 0] W*j1»ER5£lH!K41A te, APD 70CQfl®ti 
fg^*||STS»S11ff»<Oflti3ft*«EJ:b«g|30tOA^I 

32<dhe & > nfrtmrnotf m -h *r & «jE#j»«#30a 

fcfc, "J"^1S^413 iCcfc^TR^Stt, h5>^X£412 
©3l^#«J(D«ii (7\vr*--*50A <DffitaffllRLfc« 
1n2ifc<0#flEffil!a) t, /W/UlS^icj;ori 
USIIEBT»^frt^280«ffi*±ff«-&*J:5k:i(i 

[0 0 6 1] X7-y7"S40 lC*5l^T«\ ?aS?S«IUK42 

fiS J ?424 fcUg*&Lfch^>^X*422 <D^— XUffi^ 
ft¥fi!rf£o Xt-^7\S50 £*5l^Ttt, bIS1SSi423 tc£ 20 
o T^toffl^ L /cAPD 70O y Is— 2 >«E<DfflS« 

aH) o Jgfiffi«lslK42A fi, APD 70O7 w U-^^^>« 

e^sm^^^ 

«Hf *J0a tc J: TlttC^ Ll^WBElC&S J; 5 tcftiJI® S 
nt^Sfc*, rSJftti(8l°IliS42A ioT/^/US ft 
S«Sft«\ "ISffita423 fccfcoTpJ^<*ft, hv>^X 
^422 O3U*^ft0oaSifc/W^^I|flitfcoai^J;o . 
T5E^S«EEKT»«»MS : F280«E*±#**SJ; 
dtcfjfFiT^o 30 

[0062] ccr\ ?as-fe>"tM2i m^SEtcfi 

ScOfifif^a^SOlR^ T'^^OT, h7>^ ^422 
con U^^WM^x=7 *fflJOtKtafc*<«^V^§ 
£\ "Tftfr-e. h^>S>'X#422 t^iszzmKtnjm. 
ffiSx423 fctc J; oTW^SnSiSfi^JK^JtS*^ o<D 

ss«^28(D«fftcwrsias«»i: LTfin^o - 

#\ h5'>v ? X£422 ^nb^^fiK^pJMgtfl423 

>+j-42i m^i^-JimE.o^m\m^mmi^nr^ 40 
28tonE^*f-r5rafiffiai: bxign^o 

[0 0 6 3] cc^Z*lcBMtemw?2>o iBS-fe>1t 
421 CQfcB*J«E*:VTO i: L> a^f«ffiOffift«»*A 
CmV/ °C) h^>v ; X^422 £zi\s*Zl& 

fix t «rffiffitt423 i: ic j: o T«fiK* n§ mmmitt&ttitf 

1zn%\m<D£%te. ffi^28tcSft5«EttHVl+VT0 , 
ftfifc««A (mV/ °C) TfeSo 2 «OfiJ»0»-&«, S 
?28£8iftSftEttHV1+2xVT0 , 2xA (mV/ 

°C) T'feSo |p|«tcl/2?iJt#©i:#ttx ffiH^StcSiftS 
HtEttHVl+VTO/2 , Um&mi A/2 (mV/ °C) t?«« 0 50 
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[0 0 6 4] APD *^>«E<DiSfflES*B 
(mV/ °C) ^ftSJ^SftTVSO"^ ^28tCfin 
fa«B^@KO«ffi«{fi[ffi : F428 fcBKBESft 
T^S«ffift427 T7ffl>£U HVl+(B/A)xVT0 t^^^o 
tc. nMSJfE423 *R^-r5Cfc£cfcoTa»^280!!EE 

'y7 o S60 fcltS^T, Rl^Stn:413 o T*S765<Of§5£ 
•EE^^ftWfi L fcAPD 70<Dfl}@tgfg^ t S * HE 

[0 0 6 5] JM±o«fc5aiilKH»7jffi«rfT'5c:i:T\ 

Rf^ata4l3 *RTS-rsci:-e/W^X»8(i«:SiJW 
US728^m^lS^L/c^, piaatStSrHSfitai: L 

nctT^J:^ Sfe, *JEJrb$5§§30^ffiBSft:LTEI 
[0 0 6 6] 

#A6n«A^K»«ffi*«BEWW«^k:jCi:/-c«EE*c: 

LT*fltt*?i*aww»*ffv\ m^S7^«E^pif^ 

Otll^i^b, APD OiS8*|6]OB««ffiOja*«»fc 
tS4n:*/t'bT#A6tiS«ffi:*^L<&Sck-5tc«JE 

fig-rsct^ apd icttLTigi ( cmmmi$mcttfc'?& 

[HI] *!W7^7>yx7t h^V^-K(APD) 

tOlsIBSDIflcH^feSo 
[H2] -«^J^APD ^WTX«EE»C*fr*«HI&*0 

[B3] -ISW^APD <D?gSSftlcWtS7U-^^f 
CH 4] APD ffl/^^rxaE«iJII|5|gS©llfi6friJ©lalK* 

[is] apd m'UT7.nmfflmm&(r>$mm<Dm'&m 
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[16] api) msU7xmE.mffl®m<DmiMm(D\B\mm 
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